Pd-Au bimetallic nanoparticles supported by silicon carbide have been prepared by plasma sputtering deposition, and employed as the catalyst for methane combustion. It is found that the bimetallic nanoparticles consist of tight-coupled Pd and Au particles, which are neither Pd-Au alloyed nor core-shell structured. The catalytic activity increases with the Pd loading in the catalysts. When the temperature is higher than 
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Introduction
Bimetallic nanoparticles have been known and exploited for many years in various catalytic reactions because catalytic performance, activity, selectivity, and stability can be enhanced compared to corresponding monometallic catalysts due to the synergistic combination of two metals 1, 2 . Pd-Au bimetallic catalysts are particularly important because of their widespread applications in important industrial reactions, such as alcohol oxidation, H 2 O 2 synthesis and toluene oxidation etc. [3] [4] [5] [6] [7] [8] . Usually, the addition of Au can stabilize Pd components, lower the desorption temperature of reaction products and change the nature of active sites. Geometric, electronic and bifunctional effects have been proposed to explain the improvement of catalyst performance [9] [10] [11] . However the influences of bimetallic structure and composition on the synergistic combination are still debated by researchers.
Various preparation techniques, such as coimpregnation, coprecipitation and fractional deposition etc., have been proposed for preparation of Pd-Au bimetallic catalysts. However the composition, morphology, and electronic structure of bimetallic nanoparticles are markedly affected by preparation methods and experimental conditions. Recently, plasma sputtering has been studied extensively since the technique is feasible and no post-treatment is needed 12, 13 . Most of these studies are related to production of ultra-fine monometallic particles and thin films, direct catalyst deposition on a support or assistance of catalytic reactions [14] [15] [16] . Many studies are devoted to preparation of bimetallic nanoparticles [17] [18] , suggesting that plasma sputtering has obvious advantages in controlling the composition of bimetallic nanoparticles.
Catalytic combustion of lean natural gas and air mixture has attracted considerable attentions because the process operates at low temperature and produces little NO x emission [19] [20] [21] [22] [23] . The formulation of catalysts can be divided in low and high temperature catalysts which correspond to different stages in the catalytic combustion reactor.
Supported palladium catalysts are usually used in the low temperature stage (400-900 o C) to initiate methane [24] [25] [26] . However, the poor durability of Pd-based catalysts due to decomposition of PdO to Pd limits the development of catalytic combustion of methane 27, 28 .
In this work, we prepared silicon carbide supported Pd-Au bimetallic nanoparticles using plasma sputtering technique and investigated the structure and composition of the bimetallic nanoparticles by transmission electron microscopy and X-ray photoelectron spectroscopy. The catalytic performance of the bimetallic nanoparticle catalysts for methane combustion indicates that there exists a synergistic combination between Pd and Au components.
Experiments

Catalyst Preparation
Au and Pd sputtering depositions are performed in a cylindrical stainless steel low pressure transformed coupled plasma device. The experimental setup dedicated to the study of metal cluster growth has been described elsewhere 13, 29, 30 . Briefly, argon plasma is created in a chamber using a planar external RF antenna (13. 
Catalytic test
The catalytic performance of different catalysts for the methane combustion was carried out in a fixed-bed quartz reactor with an inner diameter of 8 mm at atmospheric pressure, and the mixture of O 2 (20%)/CH 4 (1%)/N 2 (79%) was used as the feedstock. 140 mg of the catalyst was packed between two layers of quartz wool. The hourly space velocity was controlled to be 12500 h -1 . Since the deactivation of the SiC-supported catalysts usually demands a long time, a repeated heating-then-cooling cycle method was employed to estimate the stability of different catalysts as previously reported 33, 34 .
Catalyst characterization
The loadings of different metals in the catalysts were determined by Perkin-Elmer ELAN 5000 inductively coupled plasma-mass spectroscopy (ICP-MS) instrument and energy dispersive spectroscopy (EDS). The microstructures of the catalysts were analyzed by using JEM-2010 high-resolution transmission electron microscope (HRTEM). X-ray photoelectron spectroscopies (XPS) of different catalysts, which were taken at different temperatures in the catalytic combustion of methane, were measured on an ESCALAB 3 MKII de VG spectrometer by using Mg Kα (15kV, 20mA) X-ray source.
3 Results and discussion
Catalytic performances
The (Fig. 1a) . However the selectivities of CO 2 and CO are around 60% and 30%, respectively ( Fig. 1b and 1c) . In other words, the combustion of methane is not complete at the experimental temperature if no metallic catalysts. Pd-Au bimetallic nanoparticles. Fig. 4c and 4d, only metallic Pd particles can be found instead of PdO. These indicate that PdO can gradually decompose into Pd as the temperature is raised. Pd-based catalysts at low temperatures (500 and 560 o C), it can be seen from Table 2 and adsorbed on Au nanoparticles due to the high-temperature activity 40 . The dissociated oxygen species on Au transfer to Pd through interfaces of Pd and Au. Therefore, both
HRTEM characterization
XPS characterization
Pd and Au in the bimetallic catalysts can catalyze the combustion of methane through the synergistic combination. 
Conclusion
